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I. IMD UTION

In order to improve the mission capability and reliability of aircraft,
and missiles, vaterials subjected to the high temperatures which exist in
gas turbine engines, nuoloar powerplants, and re-entry vehicles, and other
systems must be iUproved. To meet this requirement the Bureu of Naval
Weapons is supporting a Refractory Metals Development Program at the Naval
Research Laboratory (1RL problem No. M01-12), The project is concerned
with improving the oxidation resistace of columbilu, tentalun, and tung-
sten by alloying or coating or both. The AI was authorised by Bureau
of Naval Weapons letter RAPP-33/1 tJJL of 24 Maroh 1960 to test materialsU' developed by RL at conditions (within laboratory capability) which are
representative at the environment to which the metals might be exposed.
The cogni•ant DML and BUWPS personnel have been kept abreast of the test

Sresults through monthly newsletters and personal contact.

a. The sine coated oolabimus material failed when exposed to the
exhaust gases resulting from the combustion of the following fuels with
air at the temperatures and velocities indicated:

(I) Hydrogen - 18000F, 60 feet per second

(2) Propane - 22000, 760 feet per second

(3) J"P-4 - 23000F, 14•0 feet per second

b. The aine coated columbium plus 2% sirconium material failed
when exposed to the exhaust gases resulting from the combustion of the
following fuels with air at the temperatures and velocities indicated:

(1) Hydrogen - 180007, 60 feet per second

Si(2) Propane - 2000°1, 500 feet per second

(3) 3P-4 - 210001, 2400 feet per seond

c. A columbium plus 2% sirconiua rod with a sine coating was ex-
posed to a simulated reducing environment at a test temperature of 18000!
without any detrimental effect to the coating.

I-
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The zinc coated columbium and colmbium plus 2% zirconium materials do not
offer any significant gains with respect to permitting higher turbine in-
let temperatures for air breath1ing gas turbine engines. Current maxim=

HI localized turbine inlet hot spot temperatures are in the range of the
maximni satisfactory operating temperatures of the two materials tested.

SIV. RZCOfM•AT1OW

(1 It is recommended that the zinc coated columbium and columbium plus 2%
| szirconium materials not be considered for use as gas turbine engine com-

bustion and turbine component materials.

V. DUS2P02 O= OF It L

fa. Two materials were supplied to AEL for testing over a range of
temperatures and velocities with various fuels. The first was a pure
columbium rod with a zinc coating; the second was a columbium rod contain-
INg a 2% addition of zirconium with a zinc coating.

b. The materials to be tested were cylindrical in shape with a
diameter of 0.1 inch and a length of approximately 2 7/8 inches. Most of
the rods supplied had surface areas on which a scale was present resulting
from the technique used in their fabrication. Also, the surfaces of the
rods were irregular.

c. The high temperature gases were supplied by the combustion of
the following fuels:

[(1) 1qfrogen (technical grade) having a minimum of 99% by volume
of bqdrogen as specified in Federal Specification BB-H-886.

(2) Propane containing a mininum of 95% by volume of propane as

specified in the Natural Gasoline Association of America Publication 2140.

](3) Jet fuel grade JP-4 conforming to Specification MIL-J-5624.

d. Technical grace benzene was used in tests numbered 5 and 6fl which conformed to Federal Specification W-B-231C.

a. The high temperature combustion exhaust gases to which tae test
pieces were subjected were supplied by a burner. The test pieces were
held in a test section immediately downstream of the burner. A schematic

w odrawing of the test facility is shown on plate 1.
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• i b. Plate I shows the test section mounted in the test facility.

I Metered air enters the burner through the inlet air duct. In the burner,fuel Is injected into the air and burned thus providing the high tempera-
ture exhaust gasea required to test, the materials mounted in the test

Ii section. The view port, which was inclined 600 from the direction of flow
on %e upstream• side of the test section, provides visual observation of

the rods during the test. The state (pressure, temperature, and velocity)
of the exhaust gases is determined by instrumentation immediately down-Sstream of the test section. A rake of three thermocouples is used for
temperature measurement and the pressure at the test section is measured
by a rake of three total pressure probes. The test temperatures reported
throughout the report refer to the maximum gas stream temperature as7 measured by the rake of three total temperature thermocouples. The rela-
tionship between the surface temperature of the test muterials and the
gas stream temperature was determined with the aid of thermocouples welded
on the surface of several stainless steel test rods. The burner was
operated at several gas stream temperatures with the surface temperature
of the instrumented rods recorded for each gas stream temperature. The
maximm surface temperat,-c and the meximum gas stream temperature are
nearly identical as indicated by the data shown on plate 2. The agreement
in surface and gas stream temperatures is due largely to the method by
which the test rods are held in the test section which minimizes heat
transfer losses from the rods. The velocity at the test section was
derived from the other measured quantities. The sections of the duct
work downstream of the burner are wrapped with asbestos to reduce heat[ transfer losses by convection and radiation of the walls to their sur-roundings,

c. The test rods were mounted normal to the direction of flow of
the burner exhaust gas" and are shown mounted in the test section in
plate 3. Based on NRL's warning that a compatibility problem might existIii due to contact between the test material and the materials used in the
test section, a test section was designed that would minimise this prob.
leam. Plate 4, which is a view of the disassembled test section, shows the
means by which this problem was circumvented. The three large porcelain

FR beads are used to suppcrt and insulate the test rods while the slender
porcelain strips are use& to locate the rods centrally. The string asbes-
tos is used to allow for lengthwise expansion of the test pieces at el-
evated temperatures. The deticrews hold all of the above in place during
the test. Plate 3 shows the test section assembled. All of the items
shown on plate 4 have been used in this assembly.

d. The weight flow of the air and gaseous fuels used was determined
by means of orifice plates. The weight flow of the liquid fuel was deter-
mined by the use of a calibrated rotameter.

e. The exhaust products of the combustion process were ducted to
I the plant exhaust system.

I
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f. All of the tests were of five hours. duration except test nrmber
7 which was teminated after two hours and forty minutes due to facility

I problems.

g. At twenty-minute intervals, the rods were inspected visually and
readings of all the instrumented variables were taken to insure that the
proper test conditions were being maintained.

,h. In order to determine the stability at high temperatures of the
msine coating, carbon which has a high affinity for oxgen was placed on
the surface of a rod. The carbon deposit was obtained by rotating the
test rod in the reducing flame of a bunsen burner burning natural gas which
had bubbled through a container of benzene. In test number 5 one al-
lcy rod coated as described above and one alloy rod without a carbon
deposit (control rod) were tested using propane (C3H8 ) as the fuel for the
burner.

i, In order to check the stability of the coating when in a contin-
ues/ carbon enriched environment, the burner fuel, propane, was per-mitted to bubble through a cylinder containing benzene prior to injection

into the burner. This procedure was used in test number 6.

TJ. The composition of the exhaust gases was determined with a
Scholander micro gas analyzer technique which uses an absorption principle
for its measurements.

VII. AALYSIS OF RESULS AID DISCUSSION

a. The success or failure of the materials tested at AEL was deter-
mined by visual inspection during and after the test. It was possible by
visual inspection to determine changes in the surface condition of the
materials. These changes fell into the following categories:

(1) Surface corrosion

IL (a) Surface changes that either appeared as a deposit or as
a change in color wore reported as surface corrosion.

jRupture of coating

(a) This change was evidenced by the absence of a portion
of the coating or a bulging of the coating. This could possibly result
from a difference in the expansion rate between the coating and the base
material.

(3) Needle-like growths

(a) These growths origihated at the surface othe test
materials and proceeded to grow outward from the surface. most casesSpoeee gt
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the apparent ratio of the length to diameter of these growths was greater
I than 4:1. These growths are possibly the saw an the single crystals of

a - fi2.; (,a- %03) found to grow on the oxide lurface of olumbium
above 1412OF which was described in Technical (Scientific) Note No. 2 at
April 1960,, "High Tesperature Oxidation of Niobium" by Fer Kofstad,
Hallatein Kjfllemdal, Joar Markali, and Nico Ncrmn at the Central
Institute for Industrial Research in Oslo-Blindern-Norway.

b. Table I lists the teat number and the materials used in that
test. The table also indioatea the object of each testv the actual con-
ditions of the test, and pertinent remarks as to the results of the test.

It

I!



;34 0 Ar
42 +I.

a 00

0,14 5,a-

AN VF4A1 4 0 I-

"I rd0 5 4 4 4

I] I IýmAr

424 N N

m ciCN ON ON

T-V



441 -3 0v

49

a 4

OfI I'M

-8 1

IN

II

N 1'

II2 I I I,

I I'-



[14 1Of 00

0~~ ~ 4- :+3f

0 43 0 0 4

.19 14 4 1i%Lo I 1

03 1, A~711 0
LI a E-I

I I

0

E- I I a a

a a I

b1000
E-I vW tI-



IC*

:141
C; 540 6P

Ei _p0 05 40

54 0 54 0 c 39

4Z44A 0 I x I ; 1 2p

II j 44f A0h4

to I I e I

40 T- 0 '-

0 

I
0-

H I IW

r-W Is

E.II

'o I V



I1

a I EM

'Itti 44i
:jjk-

T- to r- W
0 N - 0V'N



I

13

a. In tests numbered 1, 2, 3, and 8, both the zinc coated columbium
and the zinc coated columbium plus 2% zirconium were exposed to exhaust
gases from the combustion of bydrogen and air. Both materials failed when
exposed to an exhaust gas temperature of 18000F. As can be seen on plates
5 and 6, the coating on the columbium rod had ruptured slightly, whereas
several needle-like growths had developed on the surface of the columbium
plus 2% zirconium rod.

jd. The aim of tests numbered 5 and 6 was to determine the stability
at high temperatures in a simulated reducing environment of the zinc coat-
ing used on the columbium materials. This was accomplished in test
nnumber 5 by exposing two zinc coated columbium plus 2% zirconium rods to
a temperature of 18009F after coating onel of the rods with carbon as
described in p~ragraph 9 of Method of Test. The 1800VF exhaust gases
resulted krom the 6ombustion of propane with air. At the beginning of the
test a portion of the asbestos gasket used as a seal between the flanges
of the ducting broke off and impinged on the rods. Approximately twenty
minutes had elapsed before this condition was observed and the test was
interrupted to permit the removal of the asbestos. After resuming the
test, the coating on the rod with the carbon deposit, which was the rod
that most of the asbestos had impinged on, began to bulge and continued
bulging throughout the remainder of the test. The bulged surface of the
rod eventually ruptured, exposing the columbium plus 2% zirconium mate-
rial to the high temperature environment. At the completion of the test
it was observed that the central portion of this rod was void in the region
of the rupture, leaving only the bulged surfgce. This portion of the rod
shattered before a photograph could be takený. Surface corrosion was
present on the remainder of the rod which is shown on plate 7. The colum-
bium plus 2% zirconiu rod without a carbon deposit (control rod) did not
bulge but corrosion of the surface had taken place. A considerable por-
tion of the surface of this rod separated from the inner layers. This con-
dition is shown on plate 8. The section of the surface which fell off
coincided with that portion of the rod which had been in contact with the
asbestos. The asbestos material is wire reinforced and contains a rubber
bonding agent in conformance with specification number Fed HH-P-31 which

SIcalls for at least 90% Chrysotile asbestos and 10% Cotton as a maximum.
The wire reinforcing is a brass wire of 0.007aO.001 in. diameter. The com-
position of Chrysotile asbestos obtained from "The Encyclopedia of Chesmsta7"
by Clark and Hawley of 1957 is as follows:

Constituent Weight Percent

I sio2  37-44
Mg0 39-44
FeO 0.0-6.0
Fe203  0,1-5.0
A120 0.2-1.5
H20 3 12.0-15.0
CaO Tr-5.0
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N.R.L. was informed of the details of this test and the materials were
given to them so that any metallurgical or chemical tests that were desired
could be performed, Whether the failure of these rods can be attributed
to an incompatibility between the zinc coating and asbestos has not been
determined.

e. During test number 6 one zinc coated columbium plus 2% zirconium
rod was exposed to an 18000F exhaust gas environment resulting from the
combustion of propane which had been bubbled through a cylinder containing
benzene. This technique exposed the rod continually to high temperature
carbon enriched exhaust gases, The zinc coated colwbium plus 2% zirconium
rod was not adversely affectPA by the environment noted above.

f. In tests mmbered 4, 7, 9, 10, and 11 zinc coated columbium and
zinc coated columbium plus 2% zirconium rode we+'e exposed to exhaust gases
produced by the combustion of propane with air. The results of these
tests are pictoria~ly summarized on plate 9 for the zinc coated columbium
material and on plate 10 for the zinc coated columbium plus 2% zirconium
material. These tests indicate that the zinc coated columbium material
must be used at temperatures below 2200?F, whereas the zinc coated colum-
bium plus 2% zirconium material must be used at temperatures below 20000F
when placed in an exhaust gas environment resulting from the combustion of
propane with air.

g. In tests numbered 12 through 18 the test pieces were exposed to
exhaust gases resulting from the combustion of a liquid fuel (JP-4) with
air. Due to the temperature distribution at the exit of the liquid fuel
burner the two test pieces were at different temperatures. The tempera.
tures indicated in table I and throughout the body of the report refer to
the maximum gas stream temperature impinging on each rod for these tests.

h. In tests numbered 12, 13, 14, 15, 17, and 18 zinc coated colum-
bium and zinc coated columbium plus 2% zirconium rods were exposed to
exhaust gases produced by the combustion of JP-4 with air. The results of
these tests are pictoria14 summarized on plates 11 and 12 for the zinc
coated columbium material and on plates 13 and 14 for the zinc coated col-
umbium plus 2% zirconium material. This series of tests indicateethat the
zinc coated columbium material mast be used at temperatures below 23000F,

I whereas the ziac coated columbium plus 2% zirconium material must be used
at temperatures below 210007 when placed in an exhaust gas environment
resulting from the combustion of JP-4 with air.

i. In test number 18 both rods had suffered a permanent deformation
due to the aerodynamic loading at the temperature of the test. This de-
formation is not considered significant since it could be reduced to any
acceptable amount by increasing the cross-sectional area of the rods.

'I
'I
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.Samples of the exhaust pasee were take in tests numbered 8 and

9 and analyzed with a oholander micro gas analyzer to determine the
weight percentage of carbon dioxide (C02) and oxygen (02). In test number
8, since hydrogen was used as the fueJl ina the burner, the determination
of the carbon dioxide content was omitted. For test number 8 it was
determined that oxgen comprized 16.3% byweight ofthe exhaust gases. In

test number 9 it was determined that the exhaust gases contained 14.7% by
Weight of oxygen and 6.7% by'weight of carbon dioxide.

k. Table II summarizes the test results indicating the apparent
success or failure of the materials at various temperatures and velocities.
'The test was considered a failure if the coating of the material ruptured,
blistered, or developed' needle-like g~rowths.

Colymbium C2ol~Umbiti- Zirconim-
Test Temmerature - cF/Test Velocity - Ft Seco

iiH 2  1800/60 1800/60

1800/60 1800/60
II CAH 1800/500 1800/500 20/0

2000/500 20000000
2200/7460 2200/760

1 875/1 J30 1-610/1330
231 0/1 A4OO 2050/1400

2000/1400 1625/1400
JP-4 1625/14•)* 2000/1400

1825/2400 2110/2400

2110/2400 1825/2400
- -s--s-s--s-s--s-ss-s-ss-s-ss-s-ss-s-- ------- -- -- - - -

SFailure Questionable - Coating on xod appeared to have ruptured and
T "healed".

1. An effect of velocity was observed only at the highest tempera-
ture and highest velocity test conditions, This effect was an observed
permanent deflection of the specimens, which is a function of the elastic
limit of the columbium materials and their oross-sectic-al area.

m. Currently peak turbine inlet temperatures of air breathing gas
turbine engines are in the range of WWIO0 to 22000F. Since the limiting
temperature of the materials tested is in the same temperature range,
I ee would be no advantage gained by- the use of these materials in, air
breathing gas turbine engines using 1Qdrocarbon fuels.
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TEST SECTION ASSEMBLED

I Pure Gb Rod
2 - Cb plus 2% Zr Rod
3 - Test Section (Stainless Steel)

PHOTO NO: CAN-333625(L)-l- 6 1 PLATE 3
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TEST SECTION DISASSEMBLED

1 - Test Section (Stainless Steel)
2 - Pure Cb Rod

3 - Cb plus 2% Zr Rod
4 - Porcelain Supports
5 - Asbestos (String)
6 - Setscrew

PHOTO NO: CAN-333626(L)-l-61 PLATE 4
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RODS AFTER TEST NO. 8 UPSTREAM

Top Rod --- Zinc Coated' Columbium
Bottom Rod -- Zinc Coated Columbium

Plus 2% Zirconium

-- PHOTO NO: CAN-324714(L)-lI-59 PLATE 5
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RODS AFTER TEST NO. 8 DOWNSTREAM

Top Rod ---- Zinc Coated Columbium
Bottom Rod, --- Zinc Coated Columbium

__ Plus 2% Zirconium

PHOTO NO: CAN-324713(L)-11-59 PLATE 6
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TErMPERITURE 18000F

D TEMPERATURE 20000 F

I TEMPERATURE 22000F
UzinC COATED COLUMmBIM AFTER EXPOSURE TO, PROPAnE-AIR

[[COmBUSTIOn PRODUCTS

PHOTO NO: CAN-333632(LQ-1-61 PLATE 9
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PHOTO NO:CAN-333634(L)-1-61 PLATE 11
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TEmPERdIURE 2000OF
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[1 (2ooooF-211ooF)
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